Results
From a total of 252 patients, four were identified who had nine typical clinical events captured on video-EEG. Two cases (cases 3 and 4) have been previously published [8] .
Case 1
A 69-year-old woman presented with four LOC episodes over 6 months. She described feeling light-headed before losing consciousness. During these episodes, she looked dazed and pale with her head slumped. She was unresponsive for a minute or two before complete recovery with no postictal symptoms. Whilst unconscious, though usually flaccid, she occasionally experienced right hand twitching. Her examination and cardiac investigations were normal ( Table 1 ). The video-EEG captured facial grimacing, rapid breathing and pallor with generalized EEG slowing during the second half of the 29 second bradycardia phase. During asystole, the EEG illustrated generalized suppression accompanied by myoclonic activity of the right upper limb. With circulatory recovery, the EEG transitioned from a 'flat' waveform to generalized slowing and finally normal alpha rhythm (Table 1 and  Supplementary Table 1) . A dual-chamber permanent pacemaker (PPM) was implanted with no further events at 2-year follow-up.
Case 2
A 47-year-old man presented with LOC episodes since childhood. These episodes were preceded by light-headedness and lasted seconds before recovery with a mild headache. His wife described him looking pale during unresponsive periods accompanied by jerky movements of his arms at the end. These episodes were diagnosed as epileptic seizures and treated with sodium valproate. His clinical examination and cardiac investigations were normal (Table 1) . During video-EEG monitoring, he experienced an aura of light-headedness during sinus bradycardia. The transition to asystole coincided with generalized EEG slowing, followed by flattening. Semiologically, the asystole phase was characterized by rapid breathing and generalized tonic posturing. Upon sinus rhythm resumption, upper body myoclonus was observed. A dualchamber PPM was implanted and sodium valproate was ceased. He has not experienced any episodes of LOC for 2 years on follow-up.
Case 3
A 26-year-old female presented with eight LOC events over 7 years. She described a 'butterfly sensation in her chest,' heart 'skipping a beat' and occasional epigastric sensation (auras) that marked the onset of her LOC. This lasted a few seconds before transforming into generalized stiffening and some jerking of limbs associated with lateral tongue biting and urinary incontinence. These episodes were diagnosed as epileptic seizures and treated with lamotrigine. Her clinical examinations and cardiac investigations were normal (Table 1) . During video-EEG, whilst her ECG and EEG were normal, the patient experienced an aura. The following bradycardia and asystole phases were associated with rapid breathing and eyes rolling back. Generalized EEG slowing occurred at the commencement of asystole. EEG flattening appeared at the conclusion of asystole and coincided with tonic posturing and myoclonic jerks. Myoclonic jerks were again witnessed with resumption of normal sinus rhythm and generalized slowing on EEG. A dual-chamber PPM was implanted and lamotrigine was ceased. On 3-year follow-up, she has remained asymptomatic.
Case 4
A 75-year-old man presented with a 5-year history of recurrent LOC and convulsions mostly in sleep and occasionally when awake. The events started with nausea and a strange sensation in his head followed by LOC and jerking of limbs. The events were diagnosed as epileptic seizures and several antiepileptic drugs were trialed. His clinical examination and cardiac investigations were normal ( Table 1 ). The video-EEG captured five episodes of asystoletwo whilst awake and three in light-sleep. He demonstrated oral automatisms (chewing) as cardiac rhythm transitioned from normal sinus rhythm to sinus bradycardia. The EEG was normal at this time. During asystole, the EEG transitioned from generalized slowing to generalized suppression. Early asystole coincided with pallor. Tonic posturing developed during asystole accompanied by EEG flattening. Flushing was seen with circulatory recovery. Furthermore, as the EEG transitioned back to slow waveforms, fast asymmetric myoclonic activity was noted. Recovery occurred with resumption of sinus rhythm on ECG and alpha rhythm on EEG (Videos 1 and 2). The patient underwent dual-chamber PPM insertion and has been symptom free for 6 years on follow-up.
Discussion
We present four patients presenting with LOC and seizure-like semiology due to cardiac asystole. All episodes occurred in the supine position during video-EEG monitoring. Three patients had been treated with anti-epileptics prior to establishing the diagnosis of SRCA. No patient displayed signs of epilepsy during video-EEG monitoring. The semiology was characterized by an 'aura' (prior to asystole) followed by generalized tonic activity and myoclonus (during asystole) as well as a second phase of myoclonus (during cardiac rhythm resumption) (Fig. 1) . Our study demonstrates that seizure-like semiology occurs in three phases; pre-asystole, during asystole (cerebral hypoperfusion), and immediately following cardiac rhythm resumption (cerebral reperfusion). A typical ''slow-flat-slow'' EEG pattern was observed, coinciding closely with the transitioning of ECG from sinus bradycardia, asystole and back to sinus bradycardia. Table 1 summarizes cases of SRCA published to date. In our series of patients presenting with SRCA, typical signs and 'auras' preceding LOC included pallor, light-headedness and funny sensation in the chest. Often described as epileptic phenomena, auras are not uncommon in patients with SRCA [3, [5] [6] [7] [8] . Our observations are consistent with other reports suggesting that if present, auras occur prior to asystole [6] [7] [8] . An unidentified autonomic mechanism may be responsible for this phenomenon.
During bradycardia and early asystole, three patients developed a peculiar rapid breathing pattern. A generalized pallor was also observed at the onset of sinus bradycardia, presumably related to hypoperfusion. This pallor extended through asystole until cardiac rhythm recommenced. The periods of asystole and EEG flattening coincided with tonic posturing and myoclonus. Flushing occurred with circulatory recovery. This period of cerebral reperfusion corresponded with repeated myoclonus concordant with previous reports [3, 8] . One patient had five events of asystole displaying stereotypical semiology.
Generalized EEG slowing was observed during sinus bradycardia and early asystole, a relatively consistent finding amongst other reports [3, 4, 6, [8] [9] [10] . Subsequent EEG flattening was associated with generalized and sustained tonic activity. This seizurelike semiology was not associated with any epileptiform discharges. Furthermore, there was no rhythmic tonic-clonic phase as typically seen in true generalized tonic-clonic epileptic seizures. Following circulatory recovery, generalized EEG slowing was observed. During this second ''slow'' phase, myoclonic jerks were seen. Consistent with our observations, previous studies have reported minimal or absent post-ictal symptoms [2, 3, 8] .
This ''slow-flat-slow'' EEG pattern was first described by Gastaut during asystole episodes lasting more than 13 s in a group of individuals with syncope induced by ocular compression [9, 10] . In Gastaut's observations, patients with asystole lasting less than 6 s had no clinical or EEG abnormalities, whereas cardiac arrest lasting between 7 and 13 s was accompanied by EEG slowwaves and variable disturbances of consciousness [9, 10] .
The underlying pathophysiology of seizure-like activity is thought to be related to the inhibitory actions of hypoxia in the telencephalon and other cortical structures [10] . This inhibition results in unopposed action of the subcortical structures, in particular the brainstem reticular formation, resulting in sustained tonic contractions [10] . The release of cortical inhibition coincides with spontaneous recovery of cardiac electrical activity and reemergence of theta and delta waves on EEG [10] . We postulate that myoclonus during cerebral reperfusion may be related to impaired cerebral auto-regulation as described in cerebral hyperperfusion syndrome [11, 12] . Syncope is classified into three major groups: reflex (neurally mediated), cardiac and due to orthostatic hypotension [13] . Based on pathophysiology, reflex syncope can be classified as ''vasodepressive'' characterized by blood pressure drop and ''cardioinhibitory'' characterized by bradycardia and asystole in severe cases [14] . Clinically, certain features may help determine the cause of syncope. Long history, presence of triggering factors, precipitation by prolonged standing and exertion usually points to neurally mediated syncope. Syncope due to orthostatic hypotension is usually posture-related. History of structural heart disease, family history of sudden death and occurrence during exertion or supine posture usually indicates cardiac syncope [13] . However, we have found in our series that regardless the etiology of asystole (cardio-inhibitory reflex syncope or cardiac syncope), the semiology of clinical events tends to be similar.
We acknowledge some study limitations. This is a retrospective cohort and patients were not subjected to intra-cardiac electrophysiological studies. Some semiological features may not have been included due to small sample size. Loss of body tone was not commented upon as it was difficult to delineate by observing videos. Only nine events from four patients are described due to rarity of this phenomenon in the video-EEG setting. Nonetheless, this is the largest series of spontaneously occurring asystole with a detailed analysis of EEG, ECG and semiologic correlations highlighting clinical clues for early diagnosis.
Conclusion
Our study demonstrates that cardiac asystole can be associated with clinical manifestations including aura, automatisms, tonic activity and myoclonus; semiology that may lead to misdiagnosis as epileptic seizures resulting in inappropriate antiepileptic therapy. Recurrent episodes of cardiac asystole can be stereotypical in a given patient, thereby further hampering the differential diagnosis between epileptic seizures and cardiac syncope. Clinically, early pallor and rapid breathing followed by flushing are useful in recognizing SRCA. Generalized tonic-clonic activity is conspicuous by its absence. The seizure-like semiology occurs in three phases; pre-asystole, during asystole and post-asystole. The EEG demonstrates typical ''slow-flat-slow'' pattern with no epileptiform abnormalities. Pacemaker implantation resolves symptoms.
